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dxikZ|pl[\lz~dtdxiÃ§Czvexij~ Z\[efVYjJwEg§z~dx[wj~ ZikYikZoYZ wYid/ez~p[d¬ﬁ{ikmSV wYikZ\[Ydtij~§z~l
QRQTSU'V4WﬂX4Y
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efrfzviYikYm©w§zvefz £[zvefoprx[ ¤S[efj~r¦exjSmS[efVY[rQ«iefV²efVY[ lz~dxdikeg1[lkjSYmSdefjYºhidQ[w
iefjefVY[¢lz~dxdtikÃ§[r¬ !ªel[z~dte%j~Y[¢exrfz~ikYikYmŁdfzvZ|pl[°rtjSZÊ[CzvV(lz~dxdikddtVYj±«efj
efVY[lÂzvdxdxiÃ§[r¬  zvex[rexVY[¨wYikdtefz~Y[d¶kÅ:Cv¹ ºopdxo§z~lklc(i9zŁVpimSV(wpiZ\[pdxikjS§z~lWdt|§z~[vº
g}[e «ﬀ[[efVp[{dxz~Z\|Yl[Éefj*g}[Élz~dxdtikÃY[wz~Ywz~llYexVY[{exrfz~ikYikYmdxz~Z\|Ylk[dª|Yrt[¤JikjSoYdxlc[w
efj%efVY[µlÂzvdxdxiÃ§[r{wYoprxikYmexVY[?efrxz~ikYipmd/ez~m~[~ºz~rt[µCz~lkoYlzvex[w»¬®UWVY[)lz~dxdtikÃYCzvexijSQj~
efVY[p[«dfz~Z\|Ylk[%ikdhwYjSp[gc z~dtdxikmSYikYm¨ike{efVY[dfz~Z\[lÂz~dtd)z~dhexVY[*exrfz~ikYikYm¨dfz~Z\|Ylk[
jSoYYw¨«iefVexVY[µdxZz~lklk[dte{wYikdtefz~Y[)efj\ieC¬
   I Í 5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UWVY[µZ\j~efikjSrx[jSmSpikexijSdtiZ*oYlÂzefikjS¨«ilkl»g1[?ef[d/ef[wjSz%dt[ej~gYikjSlkjSmSikCz~l}Z\jv¼
efikjSiZz~mS[µdt[nBoY[Y[d£Á¤:ikwY[j¢dxz~Z\|Yl[d¦ﬀrxj~Z¿e «<jlÂzvdxdx[dº§«ﬀz~l¯BikYm¢z~YwZz~rxVYikYm
£Mdx[[³>im~oYrx[¦¾¬
UWVp[{|1[r/jSrxZz~Y[hzv§z~lc:dtid<jSpdxikdtef[wik°dtefz~rtexipmexVY[{lk[CzvrxYikYm|YV§z~dt[{«iefV°j~Y[
rfz~YwpjSZ\lkc°VYj:j~dx[[CzefoYrt[?¤S[efjSrªrtjSZ[z~Vlz~dxdÉz~pwQrt[|1[Czvex[wYlc¨ikYrt[Z\[exiYm
efVY[wYzvez°dxz~Z\|Ylk[Q£[CzefoYrt[¤S[efj~r¦{ikŁefVY[*«ªz~lk¯BipmzvYw Zz~rxVYikYm¨lÂz~dtdx[d¬)Ä VY[
efVY[)efrxz~ipiYm¢id{jSZ\|Ylk[ex[wexVY[rt[d/efikYm°w§zez¢dxz~Z\|Ylk[dµz~rt[*opdx[wŁz~dÉexVY[)ef[d/efikYmdt[e
efj nBo§z~efiÁcexVY[¨lz~dtdxiÃ§[r ·d[rtrxjSrrxzvef[v¬UWVp[¨JopZg1[r\j~É[rtrxjSrtdefV§zeefVY[¨lÂzvdxdxi ¼
Ã§[r<jSZ\Z\ikexdz~rx[{rx[jSrtwY[wz~pw°efVY[h[rxrtjSrﬀ|1[rt[Befz~mS[?ikdªz~loYlzvef[w¨j¥¤~[rﬀexVY[{exj~ezvl
ef[d/efikYmdx[e¬
UWVp[ﬀdxikZoplÂzvexij~|YrxjJ[dxdi¤Sj~lk¤~[wefrxz~ikYipmÉexVY[ﬀlÂz~dtdxiÃ§[r«ikexVjSp[<dxz~Z\|Yl[®rxjSZ
[Cz~VECzef[m~jSrtc(£Mlz~dtd¦?z~Yw exVY[EoYdtiYm¨exVY[%rx[dte)j~sefVp[%w§zvezdxz~Z\|Ylk[dµefjex[dteµexVY[
[rxrtjSrWrfzef[)j~>exVY[)lz~dxdtikÃY[r¬ !{Áex[rjSZ\|Ylk[exipm¢efVp[)ex[d/ehz\Y[«adfz~Z\|Ylk[j~exVY[µef[dte
w§zvez¨rxj~Z [Cz~VCzvex[mSjSr/c ikdz~wpwY[wexjQexVY[\efrfzviYikYmQdx[ez~pwefVp[¢rt[dtexipmw§zvefzQikd
oYdx[wEexjef[dteµefVp[lz~dxdtikÃY[r¬UWVY[dt[%dtef[|Ydz~rx[rx[|1[Czef[wEdtoY[dxdtik¤~[lcopBexil,z~lZ\jSd/e
z~llefVY[w§zvez¢idµoYdt[w z~dhexrfz~ikYikYmw§zezp¬µUWVY[rx[jSrx[\z~d{efVY[exrfz~ikYikYmdx[e)mSrxj±«dhexVY[
ef[d/efikYmdt[e?ikdhrt[wYop[wEzvYw z¢dtZz~llk[rh[rxrtjSrÉrfzvex[ikdh[½:|1[ef[wÐ¬hUWVYikd?ikdhikllkoYdtexrfzvex[w
i³>ikmSoYrx[«VY[rx[*zvÁef[rªe «ﬀ[lk¤~[*exrfz~ikYikYm¢dxz~Z\|Ylk[defVY[)lz~dtdx[d{z~rt[)«<[lklﬁwY[ÃYY[w»¬
UWVpidexrfz~ikYikYmEz~Yw(ef[dtexiYm |prxjJ[dtd\idrt[|1[Czvex[w9oYefiklﬀexVY[°ef[dtexiYmEdt[e\dxik¡[¨ikd
ZikYikZz~l?£Á«VY[efVY[¢dx[e*dxik¡[°id*[nBo§z~lsefjQefVY[BoYZg1[rjvªlz~dtdx[df¦¬^ efVpid*Z¢zv:¼
Y[rµz¢Zj~rx[jSZ\|Ylk[ef[%ikwY[z°j~efVp[lz~dxdtikÃYCzvexijSE|1[r/jSrxZz~[¨£exVY[rxzvef[*j~sjSrtrx[e
lz~dxdtikÃ§zvefikjSYdf¦ikdjSgpefz~ip[wjSrWwYi :Ð[rx[eÉefrxz~ipiYm ef[dtefikYmdx[e{dti¡[*rxzvefikjSd¬
NPORQ NPR
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ÅSÅ
³>im~oYrx[M@Wy !Ä lz~dxdtikÃ§[r?[rtrxjSrÉrfzef[j~gpez~ikY[wjSexVY[´µi[dx[efrfz¥u/[exjSrxik[dhwYid ¼
rxikZ\iYzvefikYm°g1[e «<[[Ł«ªzvl¯z~pwZz~rxVZ\j~efikjSYd¬_?efVp[¤~[rtexiz~lz½:idÉidÉ|Ylkj~exex[w
efVY[?|1[rt[Befz~mS[)[rtrxjSrﬀrfzvex[h¤S[rxdxopdexVY[)z~Z\jSoYeWjvdxz~Z\|Ylk[doYdx[w¨efjefrxz~ikefVY[µlÂz~d ¼
dxiÃ§[r¬
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!hd?wY[z~leµi9¶·S¸:º»S¥¹efVY[*Ã§rxd/e?ef[VYYiknJop[¢ikdhefj°[½Jefrxz~e)Zz~Bo§z~lklcefVp[{u/jSikBexd?|1jSdxi ¼
efikjSYd<rtjSZ efVp[{¤Jiwp[jdxz~Z\|Yl[dªj~zdxoYg:u/[eWrt[|1[Czvex[wYlc¢|}[rtjSrtZikYmefVY[Ée «ﬀje cJ|1[d
j~)Z\j~efikjSYd¬ B®zvV [zvefoprx[¤~[efjSr¨jSYdxikdtexd¨j~\Å¥dt|§zvefikjv¼ ef[Z\|1jSrfzvlÉexrfzu/[efj~rxik[d
j~ﬀexVY[)u/j~iefd*j~WzQdxoYgJu/[e|}[rtjSrtZ\iYmzZ\j~exijSÐºik³>ikmSoYrt[¨efVY[QÅ¥u/jSikBexdz~rt[
dxVYj±«»¬UWVY[rt[«ﬀ[rx[\rxj~oYmSVYlc v°wYi :Ð[rx[edfzvZ|pl[dµj~sefVY[dxz~Z\[%dxoYgJu/[e)«ﬀz~lk¯JikYm
z~YwQz~Yj~exVY[r{~%j~Zz~rxVpiYmp¬
UWVp[°efrxzu/[efjSrti[dj~[z~VZ\j~efikjSdxz~Z\|Ylk[E£¤JikwY[jB¦z~rx[¢dtexjSrx[wizÅ¥<<~
Z¢zefrxi ½}º:«VY[rx[µ[z~V[lk[Z\[eikefVY[?Zzvexrxi ½jSrxrt[dt|}jSpwYdªefj%zvj~rjJjSrxwYik§zvex[
j~szu/jSike?ik z¢dt|}[iÃ§efikZ\[ikYdtefz~e)z~d{dxVYj±« ikE³>im~oYrx[:¬?³imSoprx[*Ç°dxVYj±«dhexVY[
dxZ\j:jvefV[¤~jSlo:efikjSj~efVp[Wu/j~iefd|1jSdxiefikjS«ikexVQexiZ\[v¬
UWVp[j:jSrtwYik§zvef[dz~rx[Qz~lklWrx[lÂzvexik¤~[Qexj efVY[QVYik|Eu/jSikeCº®i©j~exVY[r%«<jSrxwYd\efVp[QVpi|
u/jSie¨ikdjSpdxikwY[rt[w z~defVY[ j~rxikmSiÐ¬ Uj9mS[Y[rfzvex[ŁefVY[ lÂzvdxdxiÃ§[r[zvefoprx[Ł¤S[exjSrxd
jSrefVY[¨exrfz~ikYikYm z~Yw(ef[dtefikYm £Mlz~dtdxiÃ§Czvexij~¦efVY[¨efVprx[[wYikZ\[Ydtij~§z~lWefrxzu/[efjSr/c
Z¢zefrxik[d\z~rx[¨rt[dtV§z~|1[w9i©zŁjSYdxikdtex[eZz~YY[refjŁjSrtZ zŁjSp[¨jSlkoYZ\(¤S[efjSr¬
QRQTSU'V4WﬂX4Y
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March Walk
³>im~oYrx[{'@ !{°[¾½YzvZ|pl[?jvﬂ[Cz~V¢lz~dxdﬀj~ÐexVY[µ´µi[dx[*¶ ~¹1iZz~mS[Édx[nBoY[Y[dWw§zez~g§zvdx[
efV§zveÉ«<[rx[%opdx[wŁexj¢ex[dtehefVY[*ZjvefikjSŁrx[jSm~Yikexij~»¬hUWVY[dx[%lÂz~dtdx[dµj~Z\j~efikjSYd{«ﬀ[rx[
VYjSdx[dxikY[¢«ﬀz~l¯ z~pwZz~rtV(z~rx[\nBoYief[¢dxikZiklz~rzvYwexVJopdZ\jSrx[\V§zvllk[Ym~iYmefj
lz~dxdtikÁc~¬
Feature 
Extraction
Block
Feature
Vector
Block
Classification
Biological Motion Recognition
Feature Vector ClassVideo Sample
³>im~oYrx[µ2@s]<ljJ¯¨wYiz~mSrfzvZj~efVY[*­jvefikjSQyÉ[jSmSpikexijSQ|YrtjSgYlk[Z¬
NPORQ NPR
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Å±
Joints
Hip Joint
origin
used as
1
87
2
12
11
9
10
5
4
3
6
Joints
Frames (Time)
³>im~oYrx[¢M@´)ik[dt[°zv|Y|YrxjSz~VikY|Yope¬

[Áe@*UWVY[)u/jSikBexd)|}jSdtikexij~Ydz~rt[\Z¢zvJoYz~llcElz¼
g}[llk[w»¬syikmSVe @KB,¤S[rtc°|}jSdtikexij~id®efVY[dtexjSrx[w¨iz F4Zzvexrxi ½«VYiV¨z~°exVY[¨g1[
jJwY[wz~dÉz¨ÅF [zvefoprx[?¤S[exjSr¬
³>im~oYrx[¢Ç'@*B,¤~jSlo:efikjSj~ªexVY[µu/jSiexd|1jSdxiefikjSYd«VYiV«ilkl<g1[dtefj~rx[wzve*exVY[dfz~Z\[
|}jSdtikexij~YdªikefVY[h[zvefoprx[h¤~[exjSrªwY[dxrxik|pefikjS»¬®UWVY[?lk[ÁezvYw¨rxikmSVeªV§zvYw¨dxikwY[µmSrxz~|YV
z~rx[ Łz~Yw jJjSrxwpi§zef[drt[dx|1[efi¤S[lkc~¬
QRQTSU'V4WﬂX4Y
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UWVY[¢rt[dtV§z~|YikYmj~rxwY[rikdYj~edxjQiZ\|1jSrtefz~eCºﬂefVp[¢rxiefikCz~lefVpiYmQg1[ikYmQexj|1[r/jSrxZ
efVY[[¾½pz~e\dxz~Z\[¨rx[dtV§z~|YikYmEjS([¤S[r/cefVprx[[¨wpiZ\[pdxikjS§z~lªexrfzu/[efj~rtcZ¢zefrxik[d\dxj
efV§zve<efVY[{[lk[Z\[exdWi°exVY[hexrfz~ikYikYm¤S[exjSrWz~rt[hj~Ydxikdtefz~eWg}[e «ﬀ[[[CzvVYj~efVp[r@,exVY[
dfz~Z\[Érxj±« j~»e «<j*[zvefoprx[¤S[efjSrtdﬀdtVYjSoYlkwj~rxrx[dx|1jSYwefj*exVY[Édfz~Z\[®u/j~ie<z~YwefikZ[v¬
8 8 8 9
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³>im~oYrx[¸QdxVpj¥«dexVY[°rt[dtoYlkexdjSgpefz~ikY[wexVY[¨y !Ä £gYlz~¯wpj~efdf¦*z~Yw(bﬀD)­ lÂzvdxdxi ¼
Ã§[rtd*zvj~rxwYikYm¨efjVY[\|Yrtj:[wYoYrt[\wY[dtrxikg1[wik dx[efikjS:¬Å~¬^  exVY[%Czvdx[\j~ªbﬀD)­
efVY[rx[)«ﬀ[rx[zvldtjz¢BoYZ*g}[rhj~>|§z~rxz~Z\[ef[rxdÉefV§zve{j~oYlwQefj¢g}[*z~wvu/oYd/ef[w»¬WUWVY[Zz~ik
|§z~rfzvZ[ef[rxdÉz~rx[µexVY[ )[rxY[lﬂU®cJ|1[£  iY[z~rºqjSlc:pjSZ\iÂz~lMº1y{zvwYiÂzvlﬂ]ªz~dtidº1b:im~Zj~iw¦¾º
efVY[ µ[rxp[l(Fh[m~rx[[£j~r)exVY[|}jSlcJYjSZ\iz~lslz~dxdtikÃ§[r¦z~YwEefVY[[rtrxjSrµefj~l[rfz~Y[¢|Yz¼
rfz~Z\[ex[r¬UWVY[%Zz~Yp[r)iŁ«VpiV efVY[dx[%|§z~rt[Z\[ex[rtdikp[rx[w jSŁexVY[%lz~dxdtikÃYCzvexijS
|}[rtjSrtZ¢zvY[)V§z~dg1[[[¾½p|pljSrt[w»¬
^ EefVpid)|§z~r/efikoYlz~r)Czvdx[~ºﬂexVY[y!ﬁÄ lÂz~dtdxiÃ§[rdx[[Z\d)efjV§zC¤S[¢z¨g}[exef[r)|}[rtjSr ¼
Z¢zvY[\efV§zv(bﬀDµ­¬,bJoYVzMz~eikdwYikoYdtdx[w(i ¶·ÇpÅ¹ ¬¨_µg¤JikjSoYdxlcSºjSrµefVY[¢lÂz~rtmS[d/e
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